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STUDIES ON THE PROTEOLYTIC ENZYME PRODUCED BY
DERMATOPHYTES *
RENOO KOTRAJARAS, M.D.I-
It is well known that dermatophytes attack
skin by digestion of keratin. Therefore they are
keratinolytic clinically. The keratinolytic activity
is done by the enzyme they produced (1) (2).
So far we do not know what kind of enzyme pro-
duced by dermatophytes is. The purpose of this
study is to find out the property of the enzyme
produced by dermatophytes. We also know that
it is possible to separate the epidermis from
dermis by enzymatic reaction (3—14).
In the following experiments we use the produc-
tion of dermatophytes instead of the enzyme. If
there is epidermal separation we assume that
there is enzymatic activity.
EXPERIMENT 1
Study of the Speed of Development of Enzyme
Material and Method
(1) Trichophyton mentagrophytes was used
as an example of dermatophytes. T. ment. was
grown in 25 ml of sabouraud's broth as follows:
a. in shaker at 32°C.
b. at stationary at room temperature.
The filtrate was saved when the cultures were
2, 3, 4, weeks old respectively.
(2) Fresh abdominal autopsy skin without fat
was used. (If it was necessary the skin could be
kept in freezer for a few days.) The skin was then
cut into a square inch size.
(3) Each of (1) and (2) was put into a petri dish
and incubated at 37°C. Study of epidermal sepa-
ration was done at 12, 18, 24 and 48 hours re
spectively (Figure 1).
EXPERIMENT 2
Study of the Effect of pH. of Filtrate of T.
Mentagrophytes in Epidermal Separation
Material and Method
Since we know from the previous experiment
that dermatophytes produce maximum amount
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of enzyme on the fourth week, and shaker cultures
at 32° C contain more enzyme, we therefore
used filtrate of T. ment. of 4 weeks old in
shaker at 32° C as the material to be detected
for enzyme.
(1) Undiluted filtrate of T. ment. was used as
follows:
a. at pH. 6.2
b. at pH. 7.8
c. at pH. 8.6
(2) Study epidermal separation as the previous
experiment at 12, 18 and 24 hours respectively,
(Figure 2).
EXPERIMENT 3
Study of the Enzymatic Activity in Dilutions
Material and Method
(1) Fresh filtrate, fresh mycelium, lyophilized
filtrate, lyophilized mycelium of T. ment. were
used as follows:
A. Fresh filtrate
a. undiluted, pH 8.6
b. 1:10, pH 8.6
c. 1:100, pH 8.6
B. Fresh mycelium was prepared by acetone
wash for several times. Dry in desiccator at
room temperature and ground by hand.
a. 100mg in 10 ml. of dist. water pH 8.6
b. 200mg in 10 ml. of dist. water pH 8.6
c. 400mg in 10 ml. of dist. water pH 8.6
C. Lyophilized filtrate and inycelium. Lyoph-
ilized filtrate:
a. 100mg in 10 ml. of dist. water pH 8.6
b. 200mg in 10 ml. of dist. water pH 8.6
c. 400mg in 10 ml. of dist. water pH 8.6
Lyophilized mycelium:
a. 50 rng in 10 ml. of dist. water pH 8.6
b. 100mg in 10 ml. of dist. water pH 8.6
c. 200mg in 10 ml. of dist. water pH 8.6
(2) Study epidermal separation at 6, 12, 18
and 24 nours respectively (Figure 3 A, B).
Results of experiment 3
a. undiluted material works better than diluted
ones.
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FIGURE 1
+ = complete separation
— = no separation
Comment. Dermatophytes produce maximum
amount of enzyme in the fourth week. Shaker
cultures at 32°C seem to contain more enzyme
than stationary cultures at room temperature do.
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FIGURE 3A
C = complete separation.
— = no separation.
b. At concentration about 400 rng in 10 ml
dist. water lyophilized filtrate works as well
as undiluted fresh filtrate.
c. At concentration about 100 mg in 10 ml
dist. water fresh myceliurn works as well as
undiluted fresh filtrate.
d. Even at concentration of 200 mg lyophilized
mycelium in 10 ml dist. water; there is no
compThte separation in 12 hours. Therefore
fresh myceliurn works better than lyoph-
ilized ones.
e. Fresh mycelium seems to work best.
Epidermal separation in 12 hrs. 18 hrs. 24 hrs.
+p11.6.2 — +
p11.7.8 — + +
p11.8.6 + + +
FIGURE 2
+ = complete separation
— = no separation
Comment. The enzyme works better at alkaline
pH. Epidermal separation completed in 12 hours
with p11. 8.6. Compared to the last experiment
epidermal separation completed in 24 hours with-
out buffer.
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FIGURE 3B
C = complete separation.
— = no separation.
EXPERIMENT 4
Study of the Effect of Inactivator
Material and method
10 m of fresh filtrate of T. ment. pH 8.6
0.01% Keratinase pH 8.6
0.01 % Trypsin solution pH 8.6
were used as follows:
a. put in boiling water for 20 minutes.
b. add soy-bean trypsin inhibitor to make 0.5%
Study epidermal separation at 12, 18, and 24
hours respectively (Figure 4).
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Hours
Fresh filtrate Keratinase Trypsin
12 18 24 12 18 24 12 18 24
Boiled
0.5% soybean trypsin inhibitor
— — —
C C C
— — —
C C C
— — —
— — —
FIGURE 4
C = complete separation.
— = no separation.
Comment. The fresh filtrate of T. ment. can be inactivated by boiling but not by soybean trypsin
inhibitor. Therefore the enzyme of T. ment. is not trypsinlike but keratinaselike enzyme.
EXPERIMENT 5
Study of Epidermal Separation by Various
Enzymes
Material and method
(1) 10 ml. of 0.01% concentration of the fol-
lowing enzymes were used:
a. Keratinase pH 8.6
b. Hyaluronidase pH 8.6
c. Lysozyme pH 8.6
d. Chymotrypsin pH 8.6
e. Trypsin 1311 8.6
1. Panpancreatase pH 8.6
g. Pepsin pH 2
h. Elastase pH 7.4
i. Collagenase pH 8.6
j. Papain pH 7.4
k. Fresh filtrate of T. 1)11 8.6
ment.
I. Distilled water pH 2, 7.4, and 8.6
m. Sahouraud's broth pH 8.6
Study epidermal separation at 12, 18, 24 and 48
hours respectively (Figure 5).
Conclusion of experiment 5
(1) There is complete epidermal separation
with keratinase, trypsin and mycelial filtrate in
12 hours.
(2) There is complete epidermal separation
with other enzymes except hyaluronidase within
48 hours.
(3) There is no epidermal separation with con-
trols e.g. sabouraud's broth pH 8.6, distilled
water pH 2, 7.4, and 8.6.
Therefore we assume that mycelial filtrate has
the enzymatic activity compatible with kera-
tinase and trypsin.
12 hrs. 18 hrs. 24 hrs. 48 hrs.
Keratinase, pH. 8.6... C C C C
Hyaluronidase, pH.
8.6 — — — —
Lysozyrne, pH. 8.6.... — — — C
Collagenase, pH. 8.6.. — C C C
Chyrnotrypsin, pH.
8.6 — — — C
Trypsin, pH. 8.6 C C C C
Panpancreatase, pH.
8.6 — — — C
Pepsin, pH. 2 — — — C
Elastase, pH. 7.4 — — — C
Papain, pH. 7.4 — — — C
Mycelial filtrate, pH.
8.6 C C C C
Sabouraud's broth,
pH.8.6 — — — —
Distilled water, pH.
2 — — — —
Distilled water, pH.
7.4 — — — —
Distilled water, pH.
8.6 — — — —
FIGURE 5
C = complete separation.
— = no separation.
EXPERIMENT 6
Study of the Proteolytic Activity of llIycelial Filtrate
Material and Method
Callus was first extracted with distilled water
to remove the soluble amino nitrogen. Then 400
mg desiccated, water extracted, ground callus
was put in:
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a. 10 ml of 0.01% trypsin solution pH 8.6
b. 10 ml of 0.01% keratinase solution pH 8.6
c. 400 mg lyophilized mycelium in 10 ml
dist. water pH. 8.6
Shook at room temperature for 24 hours. Filtered
and saved the filtrate. Each of the filtrate was
treated with 3% trichloracetic acid to precipitate
protein. The soluble portion was then chromato-
graphed.
Results of experiment 6
(1) Areas 1 through 4 are contributed by the
callus and are not visibly increased by the pres-
ence of any of the three enzymes.
Photograph 1—4.
(2) Trypsin and mycelial filtrate appear to
liberate areas 5-leucine and 6-phenylalanine and
9 to about the same extent.
(3) Mycelial filtrate and keratinase both
liberate 5, 6, 9 and 8 valine. The keratinase, how-
ever, appears to liberate more (roughly 1.5—2
times as much) leucine and phenylalanine than
does the mycelial filtrate.
CONCLUSION
Trypsin, keratinase and mycelial filtrate are
enzymes of different proteolytic activity.
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SUMMARY
Experiments 1—3 demonstrate that the produc-
tion of T. ment. is the enzyme. It is necessary to
have optimum p11 concentration and tempera-
ture to reactivate. Experiment 4 shows us that it
can also be inactivated by boiling. Experiments 4
and 5 demonstrate that mycelial filtrate have
enzymatic activity compatible with keratinase
and trypsin to some extent; but not exactly tryp-
sin. Experiment 6, brings us to the conclusion
that mycelial filtrate is proteolytic enzyme dif-
ferent from keratinase and trypsin.
Also from experiment 5 we gain further in-
formation. Felsher (10), Balo (7—8) believe that
the adherence of the epidermis to the corium is
by melastic fibers. In this experiment there
is complete epidermal separation with collagenase
earlier than with elastase. This permits the con-
clusion that the adherence of the epidermis to
the corium is by both the collagen fibers and
e'astic fibers
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